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The exciton localization is studied in GaAs/GaAlAs V-shaped quantum wires (QWRs) by high
spatial resolution spectroscopy. Scanning optical imaging of different generations of samples shows
that the localization length has been enhanced as the growth techniques were improved. In the best
samples, excitons are delocalized in islands of length of the order of 1 µm, and form a continuum
of 1D states in each of them, as evidenced by the
√
T dependence of the radiative lifetime. On
the opposite, in the previous generation of QWRs, the localization length is typically 50 nm and
the QWR behaves as a collection of quantum boxes. These localization properties are compared
to structural properties and related to the progresses of the growth techniques. The presence of
residual disorder is evidenced in the best samples and explained by the separation of electrons and
holes due to the large in-built piezo-electric field present in the structure.
PACS numbers: 71.35.-y;78.55.Cr; 78.66.Fd
I. INTRODUCTION
The local disorder in semiconductor heterostructures is
crucial for the understanding of their physical properties.
It leads on a macroscopic point of view to two well-known
features in optical spectra : the inhomogeneous broaden-
ing of the transitions due to the size and/or composition
fluctuations, and the Stokes-shift between photolumines-
cence and absorption spectra which is a signature of lo-
calization. The major role of monolayer fluctuations of
the hetero-interfaces has first been identified in quantum
wells (QW) [1, 2] and is even more important in quantum
wires (QWRs) due to the increased number of interfaces
involved in the electronic confinement. The study of the
local optical properties by high spatial resolution spec-
troscopy, in far-field [3] or in near-field [4, 5], allowed a
better insight into the understanding of localization in
these structures.
In the best QWR structures grown up to now it has
been shown that the random potential felt by the excitons
and induced by the structural disorder [6] completely lo-
calizes the excitons : the localization length is small and
each minimum of the potential behaves as a “natural”
quantum box [7], so that the optical properties of the
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QWR can be interpreted as those of a zero-dimensionnal
(0D) system [8, 9]. The specific characteristics of a one-
dimensionnal (1D) system, especially its singular density
of states, are therefore blurred out by the disorder. Until
now delocalized excitons could only be observed at some
given positions of QWR samples as their structural prop-
erties were improved [5], opening the way to the achieve-
ment of actual 1D systems.
In this paper we investigate the localization properties
of the recent generation of QWRs and compare them
to previous samples. The disorder is first studied by our
new scanning optical imaging spectroscopy technique. In
particular the localization length is measured (Part II).
Its mean value is shown to be ten times larger than in the
previous samples, and is much larger than the thermal de
Broglie wavelength of the excitons (Part III). These new
QWRs can therefore be considered as actual 1D systems
even on a microscopic point of view. This interpretation
is supported by the study of the radiative lifetime as a
function of temperature, which is highly dependent on
the dimensionnality of the local density of states in the
structure (Part IV). Finally the delocalized excitons are
shown to be more sensitive to the presence of a residual
disorder in the structure (Part V).
The nanostructures studied experimentally are un-
doped 5 nm thick GaAs/Ga0.57Al0.43As V-shaped
QWRs. They are grown on a 4 µm pitched V-grooves
formed on (001)±0.1◦ GaAs substrates by flow rate mod-
ulation epitaxy which is a modified metal organic vapor
phase epitaxy technique [10, 11]. Their main features are
a very strong lateral confinement leading to energy sepa-
ration between subbands up to 60 meV, and a large opti-
2cal anisotropy, characteristic of the valence band mixing
in 1D structures [12].
II. IMAGING THE DISORDER IN A
QUANTUM WIRE
In order to understand exciton localization and its in-
fluence on the spectroscopy and the dynamics of QWs
or QWRs, we have to model and somehow measure the
localization potential felt by the excitons. It is charac-
terized by two main quantities : its amplitude Vloc and
its typical correlation length Lloc. Vloc can be related to
macroscopic properties like the Stokes shift or the half
width of the photoluminescence spectrum, under some
assumptions on the shape of the potential [2]. Its value
of 7−10 meV is quite independent of the sample since it
simply reflects the change of the confinement energy asso-
ciated to monolayer fluctuations on the hetero-interfaces.
On the contrary the correlation length Lloc is closely re-
lated to the roughness of the interfaces and depends much
more on the growth conditions. This parameter can only
be evaluated through microscopic studies which give ac-
cess to the spatial extension of the excitonic states.
We recently developped a new imaging technique in
order to study the localization effects in quantum wires.
This is an evolution of the microphotoluminescence (µ-
PL) experiment, that we called scanning optical imaging
spectroscopy. It is the equivalent in far-field to the scan-
ning near-field optical microscopy (SNOM). The sample
is fixed on the cold finger of a Helium cryostat and cooled
at 10 K. The laser beam is focused on the sample by
a microscope objective with a large numerical aperture
(0.6) and the laser spot diameter of 1 µm is diffraction-
limited. The luminescence is analyzed through an imag-
ing spectrometer coupled to a liquid nitrogen cooled CCD
detector, and the spectral resolution is 50 µeV . The ex-
citation at 1.77 eV creates carriers in the higher order
bands of the wire and not in the barriers. As the wires
are separated by 4 µm, only one single wire is excited
over 1 µm in our experiment. The excitation spot can
be translated with respect to the sample by moving the
microscope objective with piezoelectric actuators with a
precision better than 200 nm. At each position the µ-
PL spectrum is recorded. We obtain in this way a high
resolution image along the wire axis as well as a high
resolution spectrum of a single QWR.
Figure 1 presents two such scanning images obtained
on two different generations of quantum wires —denoted
previous and new generations hereafter—, and two corre-
sponding µ-PL spectra extracted from the images. The
sample of the previous generation studied in this work
has already been the subject of µ-PL studies [8], whereas
the new generation is much more recent [13]. As it is
well known for a few years [3], the emission spectrum
isn’t uniform as the excitation spot scans the wire, which
means that the excitons aren’t delocalized over the whole
wire. Each bright spot corresponds to a local potential
minimum along the wire axis where excitons are trapped.
Each peak has been attributed to the emission of the
lowest lying level in such a minimum. Two main differ-
ences can be distinguished between the two generations
of QWRs : (i) The spectra associated to each localiza-
tion sites are different : the peaks are very sharp for the
previous generation, and their linewidth couldn’t be re-
solved within our experimental resolution, whereas they
are 1 meV broad in the case of the new generation. (ii)
The linear density of sites, estimated by counting the
spots on the images, is of the order of 10 µm−1 for the
previous generation of QWRs, and 1 µm−1 for the new
one. We can therefore roughly estimate the extension of
the sites to 100 nm for the previous generation, which is
compatible with the value obtained from µ-PLE studies
[8], and to 1 µm for the new generation. Moreover, some
emitting sites are extended over distances larger than the
spatial resolution of the microscope in the new samples,
the spot at x = 15 µm being for example 3 µm long on
Fig. 1.c. Most of the emitting sites could however not be
resolved spatially because their extension is close to or
smaller than the resolution.
These properties have been studied and compared
more quantitatively through a statistical analysis of the
images, which is described in details in the appendix. It
allows us to define two mean properties of the localiza-
tion sites in a given sample : the mean spectrum and the
mean spatial distribution of its luminescence. They are
presented on figure 2. In the spatial dimension (Fig. 2.a),
the mean distribution of the luminescence emitted by one
site has a full width at half maximum (FWHM) of 0.8 µm
for the previous generation, corresponding to the spatial
resolution of the microscope, since the emitting sites are
much smaller than the resolution and can be considered
as point-sources. The larger FWHM (1.2 µm) obtained
for the new generation is due to the extension of the sites,
which becomes comparable to the resolution of the micro-
scope and can be estimated to 1.2 µm−0.8 µm = 0.4 µm.
In the spectral domain (Fig. 2.b), the mean spectrum of
the emitting sites for QWRs of the previous generation
is very sharp as seen on individual spectra, whereas the
one for the new generation of QWRs is perfectly fit by a
1 meV broad lorentzian line, which is even more clearly
evidenced by the perfect triangular shape of its Fourier
transform on a logaritmic scale over 4 decades, shown in
the figure 8.c of the appendix. This broadening will be
discussed in more details in part V.
The samples of the new generation are therefore of very
high quality. For comparison, the longest reported local-
ization length in V-groove QWRs as well as in any other
kind of GaAs quantum wires is of the order of 600 nm
and has been measured by SNOM only at one position
of a given sample [5]; the typical extensions of the local-
ization sites in the sample studied in this work were of
10 to 50 nm, and are comparable to those observed by
our technique in the samples of the previous generation.
In the new generation of QWRs, the large localization
length of 400 nm is a mean property of the whole sam-
3ple and obtained after a statistical analysis, the largest
observed emitting sites being 2 to 3 µm long. The con-
sequences of this improvement on the optical properties
of the excitons are discussed in the next part.
The enhancement of the localization length of excitons
in the wires has been related to the structural proper-
ties of the samples. Indeed the localization of excitons
is mainly due to the monolayer fluctuations of the in-
terfaces of the wire, as schematically represented on fig-
ure 3.a. These interfaces have been identified on trans-
mission electron micrographs (TEM) and are locally flat
at the atomic level [10], but they present monolayer steps
which modify the confinement energy of the excitons in
the wire. We calculated that the energy fluctuation as-
sociated to a monolayer step on the central facet (100) is
about 9meV , and the one for the lateral facets (311) and
(111) is equal to 3 meV . These fluctuations can be di-
rectly identified on the images obtained on QWRs of the
new generation (Fig. 1.c) : the 3 meV ones are the most
frequent (1 to 2 per µm) whereas the larger ones (about
10 meV , like at x = 10 µm) are fewer (1 every 5 µm).
These values correspond to the linear density of mono-
layer steps on the lateral and central facets respectively,
typically one step every 500 nm.
Three main changes in the fabrication of the sam-
ples have been developped in the past years. First of
all, the chemical etching of the patterned sample al-
lowed to get smoother hetero-interfaces between the well
and the barrier materials, as shown by atomic force mi-
croscopy (AFM) images [10]. Second, the arsenic source
for the epitaxy has been changed and tertiarybutylar-
sine (TBAs) is now used instead of the very toxic arsine
(AsH3). This leads to a strong diminution of the non-
radiative recombination at room-temperature, which is
interpreted as the reduction of the impurity concentra-
tion in the sample [11, 13]. The last and most crucial
parameter is the misalignment angle θAl between the V-
groove drawn by lithography and the crystallographic di-
rection [11¯0] (Fig. 3.b). We performed scanning optical
imaging spectroscopy on samples grown in the same con-
ditions but presenting different misalignements. The sta-
tistical analysis revealed that the linear density of emit-
ting sites decreases from 4 µm−1 to 1 µm−1 as the angle
θAl is decreased from 0.1
◦ to less than 0.004◦ by im-
proving the alignment procedure. This confirms that the
localization length is governed in good samples by the
distance between monolayer steps on the lateral inter-
faces of the V-groove, i.e. by the alignment of the V on
the crystallographic direction.
III. LOCALIZATION, EXCITONIC
EIGENSTATES AND DENSITY OF STATES
The enhancement of the localization length in the wires
implies not only a quantitative, but also a qualitative
change of their electronic properties. First of all, let
us briefly consider the competition between the elec-
trons and holes localization and the Coulomb interaction.
In both generations of QWRs, the amplitude of about
10 meV of the localization potential is smaller than the
exciton binding energy, which is of the order of 20 meV ,
and the localization length scale is larger than the exciton
Bohr radius aX = 7 nm [14]. The localization hamilto-
nian can therefore be treated as a perturbation on the
free rigid exciton model, and the localization potential
felt by the excitons is simply the average over the wave-
function of the exciton relative motion (i.e. over aX) of
the potential felt by electrons and holes.
We should also compare the localization length Lloc
of the excitons to their thermal de Broglie wavelength
λTh =
√
2pi~2
mXkBT
, where the exciton mass mX ≈ 0.18 m0
is the sum of the electron and hole masses [15]. It is
equal to about 50 nm at T = 10 K in the wires we
have studied. If Lloc >> λTh, the energy difference be-
tween the eigenstates of the localization potential, typi-
cally ~
2
pi
2
2mXL
2
loc
, is much smaller than the thermal energy
kBT and these eigenstates can be approximated by a 1D-
continuum of excitons. In the opposite case, when λTh
is comparable to or larger than Lloc, only one or two lo-
calized states are populated at thermal equilibrium and
the density of localized states is discrete. Since most of
the microscopic properties of the excitons —relaxation,
recombination— are determined by the local exciton den-
sity of states, the criterium λTh << Lloc determines the
one-dimensional character of the system. In the quantum
wires of the previous generation, it isn’t fulfilled and the
optical properties are those of a collection of quantum
boxes, as our previous studies of the exciton relaxation,
recombination [8] (cf Part. IV) and fine structure [9] have
demonstrated; these wires are therefore said to be in the
“0D regime”. On the contrary, in the new generation
of QWRs λTh << Lloc, so that each localizing site can
be considered as a small portion of quantum wire with a
continuum of 1D states; these sites are called “islands” in
the following, in analogy with the situation in quantum
wells, and the QWRs are told to be in the “1D regime”.
The two regimes are schematically depicted in the fig-
ure 4.
This interpretation is valid on a local point of view, as
far as microscopic properties of the wires are concerned.
On a macroscopic scale, the electronic properties are in
both regimes inhomogeneously broadened of about 5 to
10 meV due to the variations of the confinement energy
associated to monolayer fluctuations. This is different
from the situation in quantum wells, where only one or
two sharp peaks associated to two well thicknesses of N
and N + 1 monolayers are observed in the best samples
[16]. In the case of QWRs, monolayer fluctuations on
each of the hetero-interfaces of the V give rise to a large
number of possible configurations for the confinement,
and therefore to an inhomogeneous broadening of the
photoluminescence spectra.
It is here interesting to compare the different tech-
niques used to study localization in QWs and QWRs, and
4to understand how they are adapted to specific localiza-
tion regimes. In this paper we present two methods : the
scanning imaging of the sample allows to directly mea-
sure the localization length in 1D regime QWRs, when
Lloc is comparable to the resolution of the microscope.
But in 0D regime QWRs Lloc is too small and only the
linear density n of localizing sites can be obtained from
the images, which gives an upper limit Lloc < 1/n. In
0D regime QWRs, we have shown in previous works [8]
that the PLE spectra of each quantum box allow to deter-
mine their extension from the energy separation between
ground and excited states. But this is only valid if the
quantum boxes are independent and if they contain two
or more confined states, i.e. if Vloc > ~
2pi2/(2mXL
2
loc
).
For smaller amplitude or typical length of the potential,
the localized excitonic states extend over a few potential
minima if Vloc < ~
2pi2/(2mXL
2
loc
), and the eigenener-
gies are strongly spatially correlated. This is known as
the level repulsion. Recently Idrissi et al. reported evi-
dences for a level repulsion in QWRs very similar to our
0D regime QWRs [17]. In our statistical analysis, we
were able to extract the same autocorrelation function
(Rc(E)) as they do, but we didn’t see any signature of
this effect in our results. This can be explained by two
practical reasons : (i) the cusp in the Rc(E) which is
characteristic of the level repulsion may be too small to
be distinguished from the statistical noise in our case,
even if we averaged over a 35 µm long image; (ii) our
spatial resolution is four times larger than the one of
the SNOM experiment used in this work and is there-
fore much larger than the localization length, so that the
spatial filtering of the correlations is less efficient. But
it could also reflect that our 0D regime QWRs fulfill the
condition Vloc > ~
2pi2/(2mXL
2
loc
), so that the quantum
boxes can be considered as isolated and no level repulsion
exists if only the ground states emit luminescence. This
is supported by our full understanding of the dynamics
and spectroscopy of the excitons in 0D regime QWRs [8]
as those of isolated quantum boxes.
IV. RADIATIVE RECOMBINATION AND
LOCALIZATION REGIME
The optical property which depends at the most on the
density of states is the radiative lifetime τrad [18, 19, 20].
Its dependance on the temperature directly reflects the
dimensionality of the exciton system : τrad scales as T
for quantum wells,
√
T for perfect quantum wires, and is
independent of temperature for quantum boxes as soon
as kBT is smaller than the energy separation between the
two first states of the quantum box.
In 0D regime QWRs, the radiative lifetime has already
been studied in µ-PL in previous works [8]. It is strongly
dependent on the quantum box under study and is in fact
inversely proportional to the length of the quantum box.
It is independent of temperature below 20 K. These re-
sults were interpreted in the following way : the typical
energy separation between the quantum box states, of 2
to 5 meV , is larger than kBT , so that at T = 10 K, only
the ground state of the quantum box is populated and
τrad is independent of T . The oscillator strength of the
ground state is proportional to the ratio of the coher-
ence volume to the volume of the exciton relative motion
wavefunction [18, 21]. The latter one is independent of
the localisation length since Lloc >> aX , and the co-
herence volume is proportional to the length Lloc of the
quantum box. So that the radiative lifetime at 10 K is
inversely proportional to the length of the quantum box,
as it has been measured experimentally [8].
In 1D regime quantum wires, the radiative lifetime
has been measured on several different wires and sev-
eral samples, and is at 10 K independent of the island
under consideration within 10%. The results obtained
on one island as a function of temperature are presented
on figure 5. The island chosen in the presented results
is extended over 2 µm according to the scanning opti-
cal images. The measurements are performed in the low
density regime, and in average one exciton at the most
is present in the excited island. The decay time of the
PL is equal to the radiative lifetime since non-radiative
recombination enters into play only above 200 K in these
samples [13]. τrad follows a
√
T scaling law below 30 K
and above 50 K, which is characteristic of a 1D system.
We don’t observe any saturation of τrad at low temper-
ature down to 8 K, which is the lowest temperature we
can achieve in our µ-PL cryostat.
The
√
T dependence of τrad can be briefly explained in
the following way : if we consider free excitons, only those
with a wavevector smaller than the one of light kν = 2pi/λ
can recombine radiatively, where λ is the wavelength of
light in the material. The radiative exciton states form a
band which spectral width is given by ∆rad = ~
2k2ν/2mX ,
and are assumed to have all the same recombination time
τ0
rad
. At low density, the excitons in the band follow a
Boltzman distribution and the effective radiative lifetime
of the wire is given by the thermal equilibrium between
radiative and non-radiative states : if ∆rad << kBT [18,
19],
τrad = τ
0
rad
√
pi kBT
4∆rad
. (4.1)
The intrinsic recombination time deduced from the ex-
perimental results below 30 K is τ0
rad
= 170±20 ps. It is
comparable to the value of 150 ps theoretically predicted
by Citrin in such wires [19]. We note that it is much
larger than in QWs (a few 10 ps), as expected : for sim-
ilar sizes, the 1D and 2D intrinsic lifetime should differ
by a factor λ/aX [20]. Moreover, the
√
T dependence
of τrad shows that the excitons are locally at thermal
equilibrium at the bottom of the band in each island,
and their density of states averaged over kBT scales like
1/
√
E − E0.
The transition around 40 K isn’t fully understood at
the moment, but two assumptions can be put forward :
this temperature corresponds to the typical energy fluc-
5tuations along the wire axis (3 meV ), so that the exciton
density of states could be increased above 3 meV lead-
ing to a diminution of τrad above 40 K with respect to
the situation in a single isolated island; the second possi-
ble hypothesis is that the coupling between excitons and
acoustic phonons becomes strong above 50 K and could
modify the exciton effective mass and/or their coherence
time [22].
Our results are comparable to those obtained by
Akiyama et al. [20], but they are more precise in the
low temperature range where localization effects influ-
ence the dependence of τrad on T . Moreover they extend
over a wider range of temperature and are not limited
above 50 K by non-radiative recombination processes.
The effect of localization in 0D regime QWRs has also
been clearly evidenced by Oberli et al., who observed and
modelled the saturation of τrad below 20 K [23].
V. RESIDUAL DISORDER IN 1D-REGIME
QUANTUM WIRES
The µ-PL spectra of single islands present a broad-
ening of about 1 meV which has to be explained. The
individual spectra and even more clearly the mean spec-
trum obtained by the statistical analysis (Fig. 2) exhibit
a perfectly lorentzian lineshape which is typical of an ho-
mogeneous broadening of the transition. However, the
measured linewidth corresponds to a dephasing time T2
for the excitons of the order of a picosecond. This de-
phasing time is too short to be associated to intrinsic
dephasing mechanisms : we measured a recombination
time of the order of 300 ps and we calculated that the
interaction with acoustical phonons leads to a dephasing
time of 10 ps at T = 10 K for the excitons at the bottom
of the band [22].
We therefore have to consider other processes to ex-
plain this broadening. A static disorder, such as the alloy
disorder in the barrier material or the atomic roughness
of the interfaces, would lead to a gaussian inhomogeneous
broadening of the transition. But a dynamical disorder,
like Coulomb collisions with impurities or charges could
be involved and explain the fast dephasing of excitons.
A signature of this disorder has been found in the µ-PL
spectra under very weak excitation. Figure 6 presents
the spectrum of a single island extended over 2 µm in a
1D regime QWR, as a function of the excitation power.
We should underline that the excitation power P0 nec-
essary to create one exciton in the excitation spot every
300 ps (the radiative lifetime at T = 10 K) is equal
to 400 W.cm−2, as it has been measured in 0D and 1D
regime QWRs by studying the formation of a biexciton
[22, 24]. It is 1000 times larger than the excitation power
range presented on figure 6. We observe that the spec-
trum is composed of a main line, corresponding to the
emission of the island, and 4 side peaks associated to
neighboring islands present in the tails of the excitation
spot. The main peak gets narrower as the excitation
power is decreased, and it isn’t spectrally resolved at the
lowest power — our resolution is 100 µeV in this ex-
periment. This narrowing is therefore occuring as one
exciton is created every 500 ns in the island, which is
a crude estimation taking into account the power ratio
between P0 and the power range of the experiments pre-
sented in figure 6. The integrated intensity of the spectra
is proportional to the excitation power, so that there is no
new non-radiative recombination channel in this regime.
Such line narrowing can only be explained if the electron
and the hole are somehow spatially separated in the is-
land since the recombination probability is proportional
to the overlap of their wavefunctions.
This charge separation is attributed to the large piezo-
electric field which exists along the axis of the wire as
discussed in Ref. [25]. The field is sufficient to separate
electrons and holes only in 1D regime QWRs, in which
the islands are large enough, whereas in 0D regime QWRs
the exciton confined in a given quantum box is only de-
formed by the field. This is schematically depicted on
figure 7.a. However the piezo-electric field isn’t large
enough to break an exciton if it is already formed : the
bound electron-hole state still exists. There are therefore
two possible states : one bound exciton state centered
on xe−xh = 0, and one separate electron-hole pair state
for large electron-hole separations (xe− xh > 50 nm), as
shown on figure 7.b.
We can now explain the evolution of the spectrum
with the excitation power : at the lowest power
(0.01 W.cm−2), only one electron-hole pair is present in
the island in a separated state. It forms a bound exciton
after a few hundreds of ns, which is roughly the transi-
tion rate between the separated electron-hole pair state
and the bound exciton state. Then it recombines, leading
to a sharp PL peak. As the excitation power is increased,
and during the linear regime until P0 is reached, a few
separated pairs accumulate in the island before they can
form excitons, creating a background of free carriers that
scatter the excitons, and leading to the broadening of the
PL exciton line.
The homogeneous broadening of 1 meV of the µ-PL
peaks in the linear regime (below P0) is herefore a sig-
nature of a residual disorder, i.e. the Coulomb collisions
between the excitons and separated carriers. The delo-
calized character of excitons in 1D regime QWRs makes
them more sensitive to the piezo-electric field. This ex-
plain why the broadening was not observed in the spectra
of quantum boxes in 0D regime QWRs in the same range
of excitation power.
VI. CONCLUSION
By performing scanning optical imaging spectroscopy
on different generations of QWRs, we studied the dis-
order and especially the localization length of the exci-
tons. In the best samples, excitons are delocalized over
400 nm in average and up to 2 − 3 µm in the most ex-
6tended islands. For the first time, QWRs exhibit a local-
ization length much larger than the thermal de Broglie
wavelength of the excitons, which therefore form in each
island a 1D quasi-continuum. On the opposite, in previ-
ous samples, the localization length is smaller than the
de Broglie wavelength and the optical properties of the
QWRs are those of a 0D system, i.e. a collection of quan-
tum boxes. The 1D character of the local density of states
in the best samples is evidenced by measuring the tem-
perature dependence of the radiative lifetime : it follows
a
√
T scaling law down to the lowest achieved tempera-
ture (8 K), whereas a saturation below 20 K has been
observed in previous works on 0D regime QWRs. Fi-
nally we show that the excitons are more sensitive to the
residual disorder in the structure as they get delocalized,
and the presence of photo-created charges separated by
the in-built piezo-electric field leads to an homogeneous
broadening of the transitions in µ-PL spectra.
APPENDIX: STATISTICAL ANALYSIS OF THE
IMAGES
The scanning images of QWRs provide us with an intu-
itive representation of the excitonic states along the wire,
but they also contain more quantitative informations. It
is for example very useful to obtain the spatial and spec-
tral shape of the bright spots of the image, i.e. the spa-
tial distribution and the spectrum of the localizing sites.
However this can’t be done in a proper way by extracting
the cross-sections of one given bright spot because they
all slightly overlap, as it can be seen on Figure 1. More-
over such cross-sections are specific to the localizing site
considered and aren’t representative of all of them. We
therefore analyzed the images by auto-correlation tech-
niques, and calculated the mean spatial distribution and
the mean spectrum of the localizing sites.
In order to present the different calculated correlations,
we will suppose for simplicity that an image is composed
of N spots with identical shapes but different amplitudes
An, at an energy En and a position xn. The µ-PL sig-
nal F (E, x) at the position x and the energy E can be
written :
F (E, x) =
∑
n
AnuE(E − En)× ux(x− xn)
= (uE(E)× ux(x)) ⊗D(E, x), (A.1)
where uE and ux are the spectral and spatial shapes of
the spots, and D(E, x) =
∑
n
Anδ(E − En)δ(x − xn)
is the distribution of the spectral and spatial positions
of the spots. Their Fourier transforms are noted u˜E(s),
u˜x(k) and D˜(s, k) respectively. Those three functions can
be obtained by calculating the auto-convolutions of the
image F . We will here focus on the spectral analysis, and
the same study can be done in the spatial dimension.
The spectral auto-convolution is defined as :
R(E) = 〈〈F (E′, x)F (E − E′, x)〉E′ 〉x , (A.2)
where 〈〉α denotes the average over the parameter α. It
is the spatial average of the auto-convolution calculated
at each position. It is represented on Figure 8.a with
its Fourier transform R˜(s) = |F˜ (s, k = 0)|2, for the im-
age 1.c of a QWR of the new generation. It is the sum
of two terms : a spatially uncorrelated part R0(E) and a
correlated one Rc(E).
The uncorrelated auto-convolution (Fig. 8.b) is equal
to :
R0(E) = 〈〈F (E′, x)〉x〈F (E − E′, x)〉x〉E′ . (A.3)
Its Fourier transform writes R˜0(s) =
〈
|F˜ (s, k)|2
〉
k
.
For a sufficiently large image (N → ∞), it tends to
the auto-convolution of the macro-luminescence spec-
trum 〈D(E, x)〉x = 1N
∑
n
Anδ(E − En). Its linewidth
of 12 meV corresponds to the inhomogeneous broaden-
ing of the PL spectrum multiplied by
√
2, as expected for
a gaussian shape.
The correlated part of R(E), called the auto-
correlation (Fig. 8.c), is obtained as :
Rc(E) = R(E)−R0(E). (A.4)
In the limit of large images and if the energy En of the
spots are spatially uncorrelated, it tends to the auto-
convolution of the spectral shape uE(E) of the spots. In
the case of the image 1.c, the auto-correlation is mainly
composed of a 2.2 meV broad lorentzian line correspond-
ing to the auto-convolution of uE and a few side peaks at
±9 meV , ±12 meV , ..., which reflect the correlations be-
tween the energies of neighboring islands, i.e. the energy
fluctuations associated to monolayer fluctuations.
In order to evaluate uE(E), we calculated the “mean”
spectrum fc(E) of the islands, represented on figure 2, as
the inverse Fourier transform of f˜c(s) =
√
|R˜c(s)|. It is
correct if we suppose that uE is an even function of E, so
that f˜c(s) is real. In the case considered in Fig. 8.c, the
lorentzian character of the mean spectrum is even clearer
on the Fourier transform R˜c(s), which is triangular over
4 decades in a logaritmic scale.
The same analysis can be reproduced in the spatial
dimension and provides us with the mean spatial distri-
bution of the luminescence emitted by the islands.
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8FIG. 1: Scanning optical images of a single wire of the pre-
vious (a) and the new (c) generation of QWRs. The µ-PL
intensity is represented in gray levels. Typical µ-PL spec-
tra extracted from these images at the positions indicated by
white arrows, are presented in (b) and (d).
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FIG. 2: Statistical mean properties of the localization sites
in the previous (open dots) and new (plain dots) generations
of QWRs : (a) Mean spatial distribution of the emitted lu-
minescence. (b) Mean spectrum; The plain line is a fit by a
lorentzian lineshape.
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FIG. 3: (a) Monolayer fluctuations of the interfaces between
the well and the barrier materials of the V-shaped wire; (b)
Monolayer steps induced by a misalignment of the V-groove
and the crystallographic direction [11¯0].
10
En
e
rg
y
x x
a) 0D  reg im e Q W R b)1D  reg im e Q W R
FIG. 4: Schematic representation of the eigenstates of the
localization potential in the previous generation of QWRs, in
the 0D regime (Vloc = 9 meV , Lloc ≈ 30 nm) (a) and in
the new generation, in the 1D regime (Vloc = 9 meV , Lloc ≈
500 nm) (b).
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FIG. 5: Temperature dependence of the radiative lifetime of
a single extended island in a 1D regime QWR. Two fits by a√
T dependence are presented in dotted lines (see text).
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FIG. 6: PL spectrum of a single extended island in a
1D regime QWR at very low excitation power.
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FIG. 7: (a) Effect of the piezo-electric field along the axis
of the wire in both localization regimes; (b) In the case of
1D regime QWRs, the plain lines represent the potential
felt by the relative motion of the electron-hole pair without
the piezo-electric field (only Coulomb attraction) and with it
(Coulomb + constant electric field), in the referential of the
center of motion; the wavefunction of the unperturbed ground
exciton state is also shown in dotted line.
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FIG. 8: (a) Spectral auto-convolution R(E), (b) its spatially
uncorrelated component R0(E) and (c) the auto-correlation
Rc(E) = R(E) − R0(E), in the case of the image 1.c of a
QWR of the new generation. The fitted lineshapes (b and c)
are presented in filled areas.
